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Effect of a Skin Moisturizer on the Water Distribution in Human 
Stratum Corneum 
MAW-SHENG Wu, PH.D., DIANA J. YEE, B.S., AND MAUREEN E. SULLIVAN, B.S . 
Personal Care Division, The Gillette Company, Boston, Massachusetts, U.S .A . 
The effect of a skin moisturizer on the water content 
distribution in human stratum corneum was examined 
from the rate of water loss from the skin surface. An 
increase of 9 % in the water content was calculated from 
the water loss data. This increase was not evenly dis-
tributed across the t issue. Most of the increase occurred 
near the skin surface. In the first one-tenth of the stra-
tum corneum the increase was estimated to be about 
100%. 
Water is known to be a good plasticizer for stratum co rneum 
[1] . The occlusive effect of a skin moisturizer on t he water 
content in stratum corneum may be evaluated from the cha nges 
in the rate of transepidermal water loss (TEWL) . 
In this paper, we report t he quantitative changes in t he water 
concentration profile across t he t hickness of t he stratum cor -
neum calculated from t he changes in t he TEWL rates before 
and after the app lication of a skin moisturizer. 
METHODS 
Female subjects were recruited for the study. Prior to testing, the 
panelists washed their forearms with a mild detergent, rinsed with 
warm water, and patted dry. The washing procedure was followed by a 
30-min equ ilibration period in a room that was maintained at a constant 
humidity (31 % RH) and temperatu re (22"C). This period allowed the 
panelists to adjust to the condi tions of the testing environment. One 
site was delineated on each fo rearm , and the rate of water loss was 
determ ined at eac h site. After the measurements we re taken, one of 
the sites (randomly se lected) was t reated with 0.03 ml of a moisturize r 
Manusc ript received March 9, 1983; accepted for publication May 
25, 1983. 
Reprint requests to: Maw-Sheng Wu, Ph.D., Personal Care Division, 
The Gillette Company, Gillette Park, Boston, Massachusetts 02106 
Abbreviations: 
RH: relative humidi ty 
TEWL: transepidermal water loss 
on a 16 cm2 area. The water loss measu rements were repeated on hoth 
sites at 60, 90, and 120 min posttreatment. 
The Evaporimeter EP 1 (Servomed, Sweden) was used to obtain the 
rate of water loss [2]. The output from the instrument was interfaced 
with an Apple II computer. The computer was programmed to acquire 
1 data point per 4 s fo r 4 min and to perform a statistical analysis at 
the end of the measurement. 
RESULTS AND DISCUSSION 
It is know n that t he rate of water loss is affected by environ -
men tal factors. Therefore, the measurements were m ade in a 
room t hat was mainta ined at a constant humidity and temper-
ature. The a ir current in the room was a lso minimized during 
t he measurement. Another major factor influencing t he rate of 
water loss is the physiologic state of the panelist. To alleviate 
t he possibility of t his interference, eac h pane list was as ked to 
rest in t he testing room for 30 min before actual testing began. 
The possible site-to-site variation was eliminated by the ran-
dom selection of t he treated sites. 
The instrument used to obtain t he TEWL rates measures 
t he water vapor gradien t on the skin surface . Therefo're, t heo-
retically, t he measurements a re instantaneous. However, the 
readings on the instrument can fluc t uate very fast, making 
accurate readings difficult. By carefully controlling the envi-
ronment during the measurements and by using a microcom-
puter to acquire t he data, this difficulty may be eliminated. 
With each measurement, 2400 data points were collected from 
t he Evaporimeter a nd a na lyzed statistically by the computer. 
It was found t hat the standard deviat ion in each measurement 
was about 15%. 
T he pretreatment value obtained here (7 .95 ± 3.63 g/m2 h) 
was in the same range as t hose repor ted by other investigators 
using diffe rent techniques [3,4]. T able I shows the effect of a 
moisturizer on the rate of water loss. It can be seen that t he 
rate was reduced after the application of the moisturizer. To 
avoid possible effects caused by the time differences in the 
measurements, the results were obtained us ing the ratios of the 
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TABLE I. Effect of moisturizer on the reduction of TEWL at 3 1% RH 
and 22°C 
Percent reduced" 
Subject 
60 min 90 min 120 min 
1 21 8 7 
2 2 - 1 -15 
3 25 19 14 
4 10 15 -1 
5 10 -7 -12 
6 - 20 -6 -5 
7 12 13 - 33 
8 -32 -40 9 
9 22 8 23 
10 5 - 3 5 
11 15 28 12 
12 -16 -8 -38 
13 28 29 -7 
14 17 18 22 
Mean 8.55 6.70 6.95 
" Indicates increase. 
control site values before and after the treatments as references 
in the calculation. The decrease was statistically significant at 
the 95% confidence level for the 60 min posttreatment (8.55 %) 
and at the 90% confidence level for the 90 and 120 min 
posttreatment (6.70 and 6.95%). On the other hand, the per-
centage changes among a ll the posttreatments were statistically 
not different. This indicates that no water was left in the film 
on the skin and t hat the rate of water loss was at a steady state. 
Transepidermal water loss is controlled by the passive dif-
fusion of water through the stratum corneum. The rate of water 
loss can be expressed by Fick's equation 
F = D(C) dC 
dx 
Eq 1 
where C is water concentration in the stratum corneum, x is 
the position a long the th ickness of the t issue and D(C) is the 
water diffusivity in the stratum corneum. The diffusivity is a 
funct ion of water concentration [5,6]. 
D(C) = 1.6 x w-'o + 5.1 x w-10C27 Eq 2 
The water concentration profile may be obtained from Eq 1 
and 2 if t he boundary conditions for the integration of Eq 1 are 
known. The boundary conditions are the thickness of stratum 
corneum (H), stratum corneum water concentration on the 
dermal side (C0 ) and on the surface (Ch). For both the treated 
and untreated skin, Co was essentially constant (= 0.83 g/ml) 
(6]. For the untreated skin , C, (= 0.052 g/ml) might be obtained 
from t he moisture absorption isotherm [7] and the density of 
stratum corneum (= 1.3 g/ml) [8). But for the treated skin, H 
could not be determined experimentally. However, if t he thick-
ness of stratum corneum (H) was not significantly affected by 
the application of a moisturizer and the rate of water loss (F) 
was the steady state rate, C' h might be calculated from the 
integrated form of Eq 1 [9). 
F = ~ l.~" D(C) dC Eq3 
The ratio of the rate of water loss for the treated (F ' ) and 
untreated (F) skin would be 
~, = (Jc .. D(C) de)/ (Jc,. D(C) de) Eq 4 
F c . ~ 
Since C'h (Ch for the treated skin) is t he on ly unknown in Eq 
5, it can be obtained easi ly. 
To check t he validity of t he above equations (Eq 2 and 3), 
the thickness of the stratum corneum (H) was calculated using 
the equations. The value (9 11m) obtained was in good agreement 
with the literature value [10]. 
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FIG 1. Effect of moisturizer on water distribution profile in human 
stratum corneum. They ax is is the ratio of water concentration (C) to 
that of saturated concentration (C0 ); the x axis is the ratio of the 
distance from the bottom of the stratum corneum (x) to the full 
th ickness of the stratum corneum (H). Before (--) and after 
(- . - . - ). 
TABLE II. Percent increase in water content at various layers of 
stratum corneum after moisturizer application 
Layer of stratum corneum 
First 1/ 10" 
Last 9/ 10 
Tota l 
"Near the surface. 
Amount increase 
101% 
6.9% 
9.0% 
Using the TEWL data obtained here, the water concentration 
profile in the stratum corneum before and 60 min after the 
application of a moisturizer can be obtained from Eq 1. The 
results are shown in Fig 1. For the convenience of comparison, 
the figure is presented with dimensionless coordinates. The 
change in water content due to the treatment is the difference 
in the area under the curves in Fig 1. Table II listed the 
percentage increases in the amount of water in various layern 
of the stratum corneum after the moisturizer application. The 
decrease in the TEWL rate produced by the occlusive effect of 
the moisturizer increases the total water content by about 9%. 
Nevertheless, the increase is not uniformly distributed across 
the tissue. Most of the increase occurred near the skin surface 
(see Fig 1). An increase of 100% in water content in the first 
one-tenth of the tissue near the surface was found. 
The authors appreciate the assistance of S. Pozzi for the statistical 
analyses and S. Smoot for the computer programming. 
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The Local Effects of Topically Applied Estradiol, Cyproterone Acetate, 
and Ethanol on Sebaceous Secretion in Intact Male Rats 
F_ J. EBLING, D.Sc., PH.D. AND J. SKINNER 
Department of Zoology, University of S heffield, S heffield, U. J<. 
Estradiol in ethanol was applied once daily to one 
flank of intact male rats and sebum production on both 
fla nks was measured over periods of 18 h alternating 
w ith 6 h by absorbing the lipid on pads of cigarette 
paper held in place by a ha rness , starting on the 15th 
day. Sebum production was very significantly less on 
the treated flanks than on the contralateral flanks that 
received only vehicle, indicating an unequivocal local 
effect of the estradiol. At the same time, the values on 
the contralateral flanks were significantly below those 
of lit termate rats which received vehicle only, indicat-
ing that the estrogen had been systemically absorbed to 
produce a dista l action. The estradiol also significantly 
reduced plasma testosterone and the relative weights of 
the seminal vesicles, ventral prostate, and preputial 
glands , which demonstrated that part of the general 
action of the es trogen could h a ve been by suppression of 
endogenous androgen production. 
In short-term experiments, in which measurements 
were started concurrently with treatment, the inhibi-
tory action of estradiol, in contrast to that of cyproter-
one acetate , w as not detected until the 4th day. Indeed, 
it appeared probable that the estrogen actually stimu-
la ted sebum secretion over the first 2 days, suggesting 
tha t it had a biphasic effect. 
T hat systemically administered estrogens depress sebaceous 
activity in humans and experimental animals is unquestionable. 
It is, however, debatable whether their act ion is peripheral and 
local or by way of some systemic mechanism. The facts sur-
rounding the cont roversy have been fully explicated elsewhere 
[1,2] and only the main evidence requires recapitulat ion. 
Because of their fa ilure, even with the minimum effective 
dose, to elicit a local as distinct from a cont ralateral suppression 
of sebum secretion when ethinylestradiol was applied to one 
side of the forehead, Strauss, Kligman, and Pochi (3] originated 
t he view t hat its action was not at the peripheral level. Strauss 
and Pochi [4] later suggested that the action could be by 
suppression of gonadotropins and hence of endogenous andro-
gen production, a view supported by t he evidence t hat sebum-
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suppressing doses of estrogen appear to reduce the levels of 
testosterone in plasma and urine [5] . 
The cont rary view t hat the action of estrogens on sebaceous 
activity is direct and peripheral receives support from the fact 
t hat the suppressing effect can be demonstrated in rats against 
stimulation by exogenous androgen [6,7] . In addi t ion , estrogens 
do not appear to act by reducing cell division, which should 
occur if endogenous androgen production were suppressed, 
since a major effect of androgens is to stimulate sebaceous 
mitosis [8,9]. 
The development of a method for measurement of sebum 
product ion in defined areas [10] has made possible a direct 
examination of the problem. 
MATERIALS AND METHODS 
A nimals 
Intact male albino rats from t he randomly mated colony mainta ined 
in the Zoology Depart ment of Sheffi eld University were used. Rat cake 
(Labsure P MD Nuts) and water were ava ilable ad libitum. 
Design of Experiments 
Long-term effects of estradiol and ethanol: T wenty-four rats, made 
up of 12 litters of 2 rats each were used for experiment at 19- 26 weeks 
of age. One rat (l ) of each li tte r was given ethanol, once daily, on one 
!lank only and a second rat (II ) received estradiol on one !lank and 
ethanol on t he other. Treatment was cont inued for 18 days and meas-
urements of sebum production were made from days 15- 18 of t reat-
ment, when t he rats were killed. 
S hort-term effects of estradiol, cyproterone acetate, and ethanol: 
Thirty-six rats, made up of 12 li tters of 3 rats each, were used for 
experiment at 20-31 weeks of age, when t heir body weights were 250-
300 g. One rat (III) of each litte r was given ethanol once da ily, on one 
flank only, at 1500 h on the first day and at 0900 h on each succeeding 
day, a second rat (IV) received cyproterone acetate in ethanol on one 
fl ank and ethanol on t he other flank, and a third rat (V) estradiol on 
one flank and ethanol on the other flank. 
Sequent ial measurements of sebum production on both !lanks were 
made over t he first 4 days of t reatment and t he rats were killed on t he 
4th day. 
Topical Administrations 
Areas 45 X 22.5 mm were delimited on each flank by tattoo marks 3 
days before t he fi rst t reatment . E thanol (0.2 ml ), 5 mg cyproterone 
acetate in 0.2 ml ethanol, or 2 J.J.g estradiol-17!3 were applied from a 
syringe, and the areas immediately dried with a hair dryer. 
